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A Rwbus hlspldus suspension culture, prepared from a callus, showed lysozyme and chltmase actlvltles A 
filtered growth medium was used as a lysozyme source The enzyme was purified by a rapid one-step punfi- 
cation technique 
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1. INTRODUCTION 
Since Fleming’s original observatrons [11, few 
papers have been devoted to plant enzymes show- 
mg lysozyme (EC 3.2.1.17) and chrtmase (EC 
3.2.1.14) activities. Plant lysozymes or chrtmases 
obtained from papaya and fig latex [2,3], turnip 
roots [4], wheat germs [5] and bean leaves [6] pre- 
sent similar enzymatic and, in part, molecular 
properties. Only Rubus hlspldus callus cultures 
have so far been used m order to study a plant 
lysozyme or chitinase from m vitro cultured 
material [7]. In a callus, content m lysozyme and 
chrtmase was found to be correlated to the growth 
rate of the culture [8]. Here, a one-step purifica- 
tion procedure of a lysozyme from the growth 
medium of homogeneous uspension cultures, ob- 
tained from callus cultures of R. hlspzdus, is 
described. 
* 122nd commumcatlon on lysozymes 
A part of this research has been presented on the occa- 
sion of the 3rd Internatlonal Conference on Chltm and 
Chltosan, April 1985, Ancona (Italy) 
2. MATERIALS AND METHODS 
2.1. Callus cultures 
Callus, initially obtamed from cambmm cells of 
stem explants of R. hzsprdus, were cultured m vitro 
at 22°C m a Heller’s medium [8] sohdifred with 
0.8% agar in whrte light. Glucose (50 g/l) was used 
as a carbon source. 
2.2. Suspension cultures 
40-day-old call1 were suspended m a hqmd 
modified Heller’s medium. 300-ml flasks contam- 
mg 100 ml of the suspension culture were m- 
cubated on an orbital shaker (150 rpm) at 24°C in 
the dark. After 18 days, 5 ml of the suspension was 
maculated m 100 ml of fresh medmm. Subcultur- 
mg was performed at least 6 times. 
2.3. Actrwty determmatlons 
Lysozyme activity was followed by the clearance 
of a suspensron of Mtcrococcus luteus dried cells 
(3OOrg/ml, 20 mM formiate buffer, pH 4.0). In- 
cubation was performed at 56°C for 20 mm. Hen 
egg white lysozyme was used as a standard [9]. En- 
dochrtmase activity was determmed by the release 
of soluble fragments from trrtrated chitm (20 mM 
phosphate buffer, pH 6.5). Incubatron was per- 
formed at 56°C for 60 mm [6,10] 
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2.4. Purifrcatlon 
A suspension culture m the growth phase was us- 
ed The suspension was ftltered on a 0.45 pm mem- 
brane (Millipore) and the growth medium concen- 
trated on a YM-10 Amlcon ultrafrltratlon mem- 
brane 100 ml suspension culture was concentrated 
to 3 ml The sample was then chromatographed on 
a DEAE A-50 Sephadex column (10 x 1.2 cm) us- 
mg a 20 mM Tns-HCI buffer, pH 9 0. Active frac- 
tlons were dlalysed against water and concen- 
trated. The whole procedure was performed at 
room temperature At each purification step, the 
protein content was determined [Ill. 
2 5. SDS-PACE 
Laemmh’s dlscontmuous system [ 121 was used 
(12.5% acrylamlde). The samples were denatured 
at 90°C for 3 mm m a 100 mM Tns-HCI buffer, 
pH 8.5, containing 1% SDS. Molecular mass stan- 
dards from Pharmacla were used Proteins were 
stained with Coomassle blue (Serva). 
3. RESULTS AND DISCUSSION 
3.1. Suspension cultures 
Protein, chltmase and Iysozyme actlvltles were 
determined m the culture medium for different m- 
cubatton times. The results are given m table 1. 
The protein content m the culture medium m- 
creased with the age of the culture. Lysozyme and 
chltinase activltles were always present m the 
growth medium with a maxlmum during the active 
growth phase for the lysozyme activity and durmg 
the stationary phase for the chltmase activity In a 
stationary culture the vlscoslty of the growth 
medium was increased by high molecular mass 
polysaccharldes exported by the cells Such a 
medium was unsuitable for further protein 
purlflcatlon. Growth media of 20-day-old cultures 
were thus used for lysozyme purlflcatlon 
3 2 Purlflcatlon 
Published data [4-6,13,14] indicated a pi value 
for lysozymes ranging from 9 to 10.5. This high 
value prompted us to try the purlflcatlon of the en- 
zyme from the suspension cultures by a one-step 
procedure. We used a DEAE A-50 Sephadex col- 
umn at pH 9.0. 100 mI filtered growth medium 
concentrated to 3 ml were put onto the column 
The lysozyme was therefore not retained The ac- 
tive fractions were pooled and dlalysed against 
water. The results are reported m table 2 
Lysozyme activity increased 3-times when com- 
pared to chltmase actlvlty. Indeed another protein, 
showing a lower pl value, was responsible m part 
for the chltmase activity detected m the growth 
medium; this protein was lost during the present 
purlficatlon procedure. 
The growth medium contamed a population of 
10 major proteins with molecular masses rangmg 
from 19 to 88 kDa, as shown by SDS-PAGE 
(fig IA and B) The purified lysozyme active frac- 
tion gave rise to a umque protein band of 32 kDa 
(fig 1C) This M, value was similar to those 
Table 1 
Protein, lysozyme and chltmase contents and lysozyme vs chltmase ratio kg 
lysozyme/lO’ dpm) m the growth medmm (100 ml) of a suspension culture as a 
function of tame 
Incubation time (days) 
6 18 37 
Protem (mg/ml) 0 022 -t 0 003 0 047 + 0 001 0 054 f 0 008 
Lysozyme &g/ml) 112 + 008 111 to4 0 48 + 0 08 
bgjmg) 25 k 5 118 -+7 4 c 1 
Chltmase 
(lo3 dpm/ml) 37 + 03 75 +04 22 f 18 
(lo3 dpm/mg) 84 * 17 80 +6 203 k 64 
Lysozymw‘chlttnase 031 rk 004 15 +-01 0 022 I 0 005 
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Table 2 
Protein, lysozyme and chrtmase contents and lysozyme vs chrtmase ratro ($8 
lysozyme/103 dpm) m the filtered growth medmm (A), after dralysrs and 
concentratron (B) and m actrve pooled and dralysed fractions (C) 
July 1985 
Fraction 
A B C 
Protein (mg) 
Lysozyme (ug/mg) 
Chrtmase 
( lo3 dpm/mg) 
Lysozyme/chttmase 
3.66 f 0 09 1611 +0003 0 13 + 0 02 
282 + 28 130 *3 1090 + 200 
188 f 32 44.9 + 0 4 250 k 48 
15 + 01 2 9 * 0.3 4 36 f 0 08 
previously obtained with other plant lysozymes 
[4-61. 
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4. CONCLUSION 
Lysozyme and chttinase actrvrtres were present m 
a suspenston culture of R. hlspldus. The cor- 
responding enzymes were found m the growth 
medrum. A lysozyme was purified by a one-step 
procedure from the growth medrum. The purified 
enzyme also showed a high endochitmase activity 
on high-Z% chitin polymers. Such a suspension 
culture can thus be used as a source of a plant 
lysozyme and be submitted to further molecular 
studies. 
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Fig 1 Scanmng at 595 nm of Coomassle blue-stamed 
polyacrylamlde gels (A) Pharmacla standards; (B) 
growth medmm and (C) purified lysozyme fraction The 
molecular masses are expressed m kDa SC, end of the 
stacking gel, TD, trackmg dye 
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